BACKGROUND/OBJECTIVE: Vitamin D deficiency is highly prevalent in Saudi Arabia. The study objective was to compare vitamin D deficiency in Saudi married couples. SUBJECTS/METHODS: This cross-sectional study was carried out in the Royal Guard primary health care center in Riyadh, Saudi Arabia on a consecutive sample of 50 Saudi married couples attending the center without complaints related to vitamin D deficiency. Data were collected through an interview questionnaire addressing the risk factors and dietary habits. Quantitative determination of total 25-hydroxy vitamin D in blood was done by Electro-Chemical Luminescence assay. Fieldwork was carried out from December 2010 to January 2011. RESULTS: Men had higher sun exposure (P ¼ 0.001), more use of light clothes at home (P ¼ 0.002) and more intake of milk (P ¼ 0.023) and soft drinks (P ¼ 0.001). Vitamin D was higher in men with mean difference about 9 nmol/l (Po0.001). The prevalence of vitamin D deficiency (o25 nmol/l) was 70% in women, compared with 40% in men (P ¼ 0.001). Multivariate analysis identified male gender, physical activity and the intake of milk as statistically significant positive independent predictors of vitamin D level, adjusted for factors as age, sun exposure, clothing, skin color, BMI, soft drinks and animal protein intake. CONCLUSION: Vitamin D deficiency is very high among Saudi married couples, especially wives. Female gender is an independent predictor of lower vitamin D level, in addition to sedentary lifestyle and low milk consumption. There is a need to revise the levels set for the diagnosis of vitamin D deficiency or insufficiency in the study region.
INTRODUCTION
Low vitamin D level has been associated with variable chronic diseases, especially Rickets in children and osteoporosis in adults. Vitamin D has a critical role in bone metabolism and many cellular and immunological processes. 1 Its deficiency has been associated with cancer, infection, asthma, dermopathies, 2 insulin resistance, diabetes and related microvascular complications 3 and retinopathy. 4 The effect in diabetes has been attributed to vitamin D action in promotion of the intestinal absorption of calcium and the secretion of insulin. 5 Vitamin D deficiency has even been postulated to be the factor underlying the health disparities often shown between African Americans and White Americans through the effect on paracrine and autocrine mechanisms that affect health outcomes. 6 Vitamin D deficiency is a universal problem, with an estimate of about 1 billion people suffering from it worldwide. 7 However, the prevalence is widely variable among countries. Although sun exposure is considered a major source of vitamin D, the prevalence of its deficiency is paradoxically much higher in the countries with sunny climate, such as Saudi Arabia, 8 Egypt, 9 Oman, 10 United Arab Emirates 11 and Jordan. 12 The prevalence is even higher among migrants from these countries living in less sunny climates, compared with the Aborigines. 13 This discrepancy has been attributed to cultures and traditions that may limit exposure to the sun in these countries, especially among women. 14 Nonetheless, multiple risk factors contribute to the low vitamin D level state other than the customs that lead to lack of sunlight exposure, such as clothing style, veils, long sleeves outdoors, housing designs and outdoor activities. Dietary factors have an important role in this problem, with the intake of food low in vitamin D content being shown as one of the main risk factors, 11, 15 in addition to the lack of vitamin D supplementation. 13 The lack of physical activity is also a risk factor with strong association with vitamin D deficiency. 16 The gender differences in vitamin D deficiency have seldom been investigated. Some studies reported the prevalence by gender, but with no actual comparisons adjusting for confounding variables. 1, 17 The present study attempted to address the problem of confounders in the comparison of vitamin D deficiency in men and women through study of married couples, assuming they have similar dietary and general health habits. Other risk factors that may be different among husbands and wives, such as physical activity and sun exposure were compared. The study gets its rationale from the high prevalence of biochemical low vitamin D level among the attendants of the study setting, often as an incidental finding.
The study aim was to compare vitamin D deficiency in married couples, with the research hypothesis that the prevalence of vitamin D deficiency is higher among women (wives) compared with men (husbands) after adjusting for the main confounders.
SUBJECTS AND METHODS

Setting and design
The study was carried out in the Royal Guard primary health care center affiliated to the Department of Family and Community Medicine,
Participants
The study population consisted of all married couples attending the clinic. To be eligible for inclusion in the study sample, participants should be in the age category of 16 --60 years attending the center without complaints related to vitamin D deficiency. These included those coming to the well-baby clinic with their children, women health clinic, routine checkup and vaccination. Persons on medication affecting vitamin D or calcium metabolism, as well as pregnant and lactating women were excluded. A consecutive sample of 50 eligible couples was recruited from those attending the study setting.
Data collection tool
The data collection tool consisted of an interview questionnaire form that included a section for the personal characteristics, such as age, education, residence, job and so on. The second section was concerned with the risk factors of vitamin D deficiency, such as housing condition, exposure to sun, clothing habits indoors, physical activity, smoking and medications. The section of dietary habits consisted of a food frequency sheet that asked about the weekly intake of food items related to vitamin D and calcium, such as dairies, seafood, animal proteins, nuts, as well as beverages. For women, the interview sheet contained a brief obstetric history. A panel of experts in family medicine, internal medicine, epidemiology and endocrinology reviewed the study tool to ensure its comprehensiveness and relevance. A pilot study served to test the tool clarity and applicability. The finalized tool was developed based on the pilot results.
Data collection
After securing official approvals, the researchers started recruitment of eligible couples, explained to them the purpose and procedures of the study, and invited them to participate. Those who consented were interviewed using the prepared form. Each partner was interviewed separately to avoid the other partner's influences on the responses. At the end of the interview, a nurse measured the height and weight of each participant, and took a venous blood sample for vitamin D assessment. Quantitative determination of total 25-hydroxy vitamin D was done using the Electro-Chemical Luminescence assay method 18 on e-602 HitachiRoche Modular system machine (Roche Diagnostics, cobas e602/2010/ Japan, Basel, Switzerland) in Riyadh Military Hospital central laboratories. The period of fieldwork was from December 2010 to January 2011.
Ethics and human rights
The department research committee approved the study protocol. The participants signed an informed consent after being enlightened about their rights. Venipuncture was done using standard aseptic techniques. The study maneuvers could not entail any harmful effect on participants. Confidentiality of the obtained information was secured.
Statistical analysis
Data entry and statistical analysis were done using SPSS 16.0 statistical software package. Quantitative continuous data were compared using paired Student's t-test. When normal distribution of the data could not be assumed, the non-parametric Wilcoxon signed rank test for related samples was used instead. Categorical variables were compared using McNemar chi-square test. To identify the independent predictors of vitamin D level, multiple linear stepwise regression analysis was done after assessment for normality, homoscedasticity and multicollinearity. Statistical significance was considered at P-valueo0.05.
RESULTS
The comparison of the personal characteristics of husbands and wives (Table 1) revealed that women were younger by approximately 10 years (Po0.001). About one-fourth of both men and women in the sample were university graduates (24.0%); however, more women were illiterate (28.0%), Po0.001, and a similar percentage was working (28.0%), which is significantly lower than men (Po0.001). Smoking was significantly higher among men (Po0.001). The two groups were similar regarding their body mass index.
Concerning the risk factors that may affect the level of vitamin D, Table 2 shows that the exposure to sun was higher in men in 19 couples, and higher in women in only 3 couples (P ¼ 0.001). Likewise, in 10 couples, more men used to wear light clothes at home, whereas in none of the couples more women wear light clothing than men (P ¼ 0.002). The table indicates no differences in physical activity, medication intake, of skin color between husbands and wives.
The dietary factors turned to be similar in the studied couples. However, the frequency of intake of fresh grown milk and soft drinks was higher among men (Wilcoxon signed rank test z ¼ À2.282, P ¼ 0.023), and (Wilcoxon signed rank test z ¼ À3.309, P ¼ 0.001), respectively. Table 3 points to statistically significant differences in the levels of vitamin D between husbands and wives, with a mean difference of about 9 nmol/l in favor of husbands (Po0.001). The prevalence of moderate to severe deficiency (o25 nmol/l) was 70% in women, compared with 40% in men. The table also shows that in 17 out of the 19 discordant couples, the wives had moderate to severe deficiency, whereas their husbands had only mild deficiency or insufficiency (P ¼ 0.001). Meanwhile, the prevalence of all the three levels of deficiency of vitamin D (o50 nmol/l) is much higher, reaching 92.0% for the husbands and 98.0% for the wives.
Multivariate analysis identified physical activity, gender and the intake of fresh grown milk as the statistically significant independent predictors of the level of vitamin D; together, they explain about 30% of the variation in its level ( Table 4 ). The physical activity (defined as moderate exercise for at least 30 min most days of the week) and the intake of fresh grown milk have a positive impact on the level of vitamin D, whereas female gender has a negative impact on it. These predictors were the only ones that persisted in the best fitting model after exclusion of other possible risk factors, such as age, education, job status, sun exposure, clothing, skin color, smoking, BMI, soft drinks and animal protein intake, which were not statistically significant.
DISCUSSION
The present study demonstrated that in married couples, the levels of vitamin D are significantly higher among husbands compared with wives. Given the presumed similarity in various socio-demographic characteristics as well as the lifestyle and dietary habits, this difference in the level of vitamin D might be attributed to variations between husbands and wives regarding clothing and the possibility of exposure to sun. However, multivariate analysis revealed that gender by itself, after exclusion of variations in sun exposure, clothing and dietary factors, is an independent predictor of the level of vitamin D, in addition to physical activity and drinking fresh grown milk. The findings are in agreement with Arguelles et al., 19 who showed that female gender and low physical activity were independent predictors of lower levels of vitamin D. The difference between men and women was attributed to a stronger genetic influence among men.
The prevalence of vitamin D deficiency among men in the present study (92.0%) is higher than that reported among Saudi men in a recent study, where 87.8% of the sample of 834 men in Jeddah were reported to have their vitamin D level below 50 nmol/l. 20 Similarly, the same authors in another study reported a prevalence of vitamin D deficiency among Saudi women of 80%, 21 which is lower compared with our figure (98%). Our higher prevalence might be attributed to the fact that our sample is clinic-based, compared with their community-based sample. Moreover, in contradiction with the present study findings, these two studies showed that the prevalence of vitamin D deficiency is higher among Saudi men, compared with Saudi women. This contradiction with our present study results might be explained by the fact that our design is a paired one, with interrelated men and women. This would allow a more valid comparison between men and women as many of the confounding factors are fixed in this design.
The alarmingly high prevalence of vitamin D deficiency revealed in the current study is in line with previous studies in the region that reported similarly high rates. For instance, a higher prevalence was reported among adult women in Muscat, 10 where all the women in the sample had vitamin D deficiency, with a 25(OH)D level o50 nmol/l. Furthermore, the secular trend of the problem of vitamin D deficiency in the Kingdom does not seem to show an improvement. Thus, the median level of vitamin D among women in the study sample (about 9 nmol/l) is actually lower than that reported more than two decades ago among Saudi adult women (15 nmol/l). 22 This might be due to the prevalent cultural habits that have not changed, although the dietary habits have shown some changes towards a more westernized pattern. 23 Moreover, the increased literacy and improved health behaviors do not seem to have an impact on some health issues, especially those related to customs and traditions, as Christie and Mason 7 found in their study addressing Saudi female students' knowledge, attitude and practice regarding vitamin D deficiency.
Besides the effect of gender on vitamin D deficiency, the present study demonstrated that physical activity is an independent predictor of the level of vitamin D. The finding is in agreement with Absoud et al., 24 who demonstrated that vitamin D deficiency was more prevalent among those whose practice of outdoors exercise was low. Similarly, Ardawi et al. 20 found that sedentary life and lack of physical activity are associated with lower levels of vitamin D. Nonetheless, it is not clear whether the physical activity is a factor that leads to increases in vitamin D level, or conversely it is vitamin D that improves physical activity. In fact, studies of dialysis patients 25, 26 and older frail people 27, 28 demonstrated an amelioration of the abilities of physical exertion, and subsequently improved the quality of life of these persons. Such a reciprocal relation cannot be disentangled in cross-sectional or retrospective designs, and needs prospective research. Drinking milk seems to be the most important dietary factor that can predict the level of vitamin D, as indicated by the The present study could not demonstrate that sun exposure or clothing that permits it are predictors of the level of vitamin D in the comparisons of husbands and wives, despite their previously reported effects. Although bivariate analysis demonstrated that husbands have significantly higher sun exposure, this difference did not withstand multivariate analysis, which points to a more prominent and independent effect of other factors as gender and physical activity. In line with this finding, a recent randomized clinical trial showed that increasing the exposure to sunlight was not effective in the reduction of the prevalence of vitamin D deficiency, although the authors attributed their finding to the low level of adherence to the intervention. 31 According to the present study findings, skin color is not a significant predictor of vitamin D level. The finding is in disagreement with Dong et al., 16 who found significantly lower levels of vitamin D among black adolescents, compared with whites residing in the sunny southeastern United States. Similarly, Benson and Skull 32 demonstrated a higher prevalence of vitamin D deficiency among dark-skinned migrants to Australia from Africa. However, the sample consisted of refugees. Moreover, in both these studies the skin color effect could be confounded by other possible risk factors related to socio-economic state that could affect the level of vitamin D, which is not the case in the present study.
In conclusion, the prevalence of vitamin D deficiency is very high among Saudi married couples, with higher prevalence among wives. Female gender seems to be an independent predictor of lower level of vitamin D, in addition to sedentary lifestyle and low milk consumption. The very high prevalence rates among asymptomatic individuals may point to the need for research to evaluate the utility and applicability of the levels set for the diagnosis of vitamin D deficiency or insufficiency in the study region. This needs longitudinal predictive studies. Health education of the public should focus on the practice of physical exercise and dairy products intake.
